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1 Intgedaotion 

The  halogen  fluorides  are  amongst  the  most  ohemioally  reaotire 
suhstanoes  ioiom.  Their  use  as  inoendlaxy  compounds  has  therefore 
heen  prDposed  as  a means  of  attacking  Ihe  fuel  tanka  of  airoraft  in 
flight. 

It  is,  of  course,  recognised  that  the  chemical  nature  of  the 
contents  of  an  attacking  hi^-speod  projectile  is  only  one  factor 
oontrihuting  tonards  its  overall  destructive  effect.  Per  example, 
there  is  evidence  that  ignition  of  the  contents  of  fuel  tanks  may 
also  arise  from  conversion  of  the  kinetic  energy  of  Ihe  projectile 
on  Inipact.  Such  oonveraion  may  become  manifest  as  heat  releaae,  due 
to  viscous  heating  cf  the  fuel,  or  may  cause  igiition  on  account  of 
adiabatic  oempression  of  air  pockets.  Break-up  of  ihe  fud  Into 
droplets  or  spray  on  passage  of  the  projectile  ^rill  also  provl^  a 
condition  foi  more  ready  ignition.  Ihe  extent  to  iwhich  su^  factors 
aie  important  practice  Trill  only  be  resolved  by  a suitable  combina- 
tion of  laboratory  study  and  practical  firing  trials.  The-Arvam«at 
Design  Establishment  is  oonoemed  with  the  latter  aspeot.  Qhemistry 
Department  RAE  has  agreed  to  help  In  the  laboratory  study  and  the 
prosont  note  doscriboa  the  results  of  proliminaxy  tests  to  assess  the 
reactivity  of  the  halogen  fluorides  towards  hydrocarbons. 

In  particular,  chloritie  trifluoride  is  one  of  the  oompounds 
proposed  for  assessment  and  by  way  of  general  indication  of  its 
<^eraioal  reactivi-^,  it  may  be  mentioned  that  it  reaots  explosively 
wi'^  water  and  incandescent ly  wiih  such  materials  as  cork,  rubber 
and  paper;  even  a dilute  solution  in  carbon  tetrachloride  explodes 
violently  on  warming  and  immediate  explosive  reaction  is  obtained  in 
tho  cold  with  such  fire  extinguishants  as  diohlorobromomethane.  .However, 
ohlor^o  trifluoride  is  an  exothennio  oompound  and  may  be  safely,  handled 
in  suitably  designed  equipment,  constructed  in  metal  and  Thioh  has  been 
carefully  freed  from  all  traces  of  grease  and  dirt. 

A further  illustration  of  the  potential  value  of  the  halogen  • 
fluorides  as  inoendiary  oompounds  is  afforded  by  oomparison  of  the 
values  for  the  theoretical  heat  of  reaction  between,  say,  methane  and 
. oxygen  on  the  one  hand  and  methane  and  gaseous  oUprine  trifluortde 
-on  the  other 

+ 20^  a OOg  + + 19?  fecal 

CH,  + 2C15*  a CP  + fflCl  V 2PC?  + feool 

(the  thermal  values  quoted  !!*ofer  to  r^t'andard  gas  state  at  1 atmosphere 
pressure  and  25°C). 

Chlorine  trifluoride  (m.pt.  b.pt.l2^)  is  a gas  at  normal 

temperatuies  and  alternative  special  oompounds,  Thioh  may  be  easier  to 
handle  in  practice,  are  also  being  studied. 

Compound  AC  is  a Thite  solid,  fuming  strongly  in  moist  air,  and 
is  xinderstood  to  consist  of  a complex  oompoUnd  formed  by  reaction  of  * 
equimolecular  proportions  of  chlorine  trifluoride  and  arsenio  penta^, 
fluoride.  Compound  AC2  is  a oolourloss,  mobile,  oloar  liquid,  .obtained 
by  dissolving  AC  In  excess  ohlorine.  trifluorida,  tho  iroieoular  propor^ 
tions  of  ohlorine  trifluoride  to  arsenio  pentafluoride  being  in  the  ratio 
2:1.  It  is  observed  that  AC  volatilises  faixly  rapidly  when  plaoed  in 
a current  of  air  at  ordinary  temporaturo  and  that  AC2  rapidly  seta  to  a 


3. 

DfSCRMT 


DItCRIET 


Teoh.  Note  No.  CheQull92f 


iihite  solid  Ttfien  exposed  to  atmos^ere,  presumably  because  of  loss  of 
gaseous  bhlorlne  trifluoride.  These  features  are  xindesirablsi  in  that 
^ey  represent  ladk  of  persistenoo  and  stability  in  the  tno  oompounds. 
respectively.  Homver,  the  suppliers,  I.G.I#  Ltd.,  have  more  reoently 
made  available  samples  of  furtiier  alternative  materials,  as  follows:* 


Designation 


Composition 


15.ff;o  BrP^  af..2jS  CIP^ 

22.3Ji  BrPj  77.75^  CIP^ 


32.1?J  BrP, 


67*  95?  CIP, 


25®C  (oalo.) 
30®0  " 

39®C  " 


Bromine  pentafluoride 


These  four  materials  are  mobile  liquids  at  room  temperature. 


Reaotions  idth 


Prellminrjry  experiments  made  with  impinging  jets  of  methane  and 
gaseous  chlorine  trifluoride  showed  that  ignition,  was  not  spontaneous. 
Explosive  ignition  could,  however,  readily  be  obtained  by  momentarily 
placing  a hard-glass  rod  in  the  gas  stream.  The  resulting  flame  was 
Intense  and  visually  estimated  to  have  a temperature  of  about  2800^. 

An  inner  pale  greenish-coloured  zone  was  also  apparent  in  shioh  O2 
bands  were  prominent.  Tlioao  bands  are  sirailarly  observed  In  the 
oombustion  of  hj-dreoarbons  in  air  or  o^Qrgen. 

Using  a burner  comprised  of  three  oonoentrio  copper  tubes,  matiiaae 
was  motored  thrcu&i  the  innermost  tube,  chlorine  trifluorida  thxt>U£^  the 
intermediate  one  and  a nitrogen  shroud  through  the  outensost'  tube.  (Here, 
too,  spontaneous  igiitlcn  only  coourred  if  the  burner  tip  were  contamina^ 
ted  from  oarlior  products  of  combustion. } Cn  lifting  the  gas  stream  an 
intensely  Thito  flame  was  obtained  Tihioh  was  acoompanied  by  the  copious 
formation  of  largo  floculent  soot  particles  and  the  rapid  build-up  of  a 
carbon  cone  on  the  methane  jet.  Dilution  of  the  chlorine  trifluoride, 
by  promixing  with  nitrogen,  caused  a marked  reduotion  in  flame  tempera- 
ture. At  a dilucfnt/reaotant  voluraotrio  ratio  of  3:1  the  flame  was 
luminous  threu^out.  At  greater  dilution  a non-luminous  aone  first 
appeared  at  the  root  cf  the  flame  and  the  entire  flame  beoame  non*luminouB 
at  a ra’io  of  10:1.  The  introduction  of  more  nitrogen  thai  revealed 
only  a tiiin,  barely  visible  reaction  zone  in  the  region  corresponding 
to  ini  till  oontaot  of  the  chlorine  trifluoride  amd  methane  just  above 
the  bumor  tip.  This  effoet  persisted  and  was  still  evident  at  a 
dilution  ratio  of  l6:l. 

In  a second  series  of  experiments,  air/propane  mixtures  of  known 
oonpositlcn  were  prepared  in  a oylindrioal  copper  vessel  of  about  1 
litre  capacity.  Compound  /^C  was  introduced  on  a deflagrating  spoon 
but,  over  the  whole  range  of  mixture  strengths,  from  the  weak  limit  of 
Inflammability  up  to  undilutod  propane,  no  igiitlon  of  the  gases  was 
obtainod.  Similar  results  t/ero  found  with  gaseous  chlorine  trifluoride 
admitted  from  a gas  pipette.  Hov/evor,  with  liquified  chlorine  tri- 
fluoride explosive  roaotion  occurred  in  the  approximate  range  2.5  tc 
11.5  por  cent  propane  by  volume  and,  at  higher  propone  oonoentrations, 
local  reaction  ooourred  as  each  drop  of  ohXorino  trifluoride  entered 
tho  gas  spaco.  Compound  BC2  gave  results  similar  to  those  obtained 
witJi  liquified  chlorine  trifluorido  but  bromln*^  pentafluoride  failed 
to  cause  iyiition  at  tmy  propane  oonoentration. 
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In  further  tests,  there  premix^  air/propane  mixtures  were  passed 
over  AC  contained  in  a copper  boat  in  a ha^  glass  tube,  carbon  and  tar 
formation  occurred  ^wnstTeam  whm  '&e  pr^ine  opnoe^ration  reached 
approocimately  5 per  cent  volume*  At  slightly  hi^w  concentrations 
(oa.  7 per  cent  by  volume)  the  surface  of ^the  AD  began  to  glow  wi*tti  a 
pale  green  li^t,  but  this  reaction  rmained  purely  local* 

2*2  Reactions  with  liquid  sprav 

A ^ one-shot ' spray  of  fine  droplet  sise  was  obtained  by  forceful 
ejection  of  liquid  hydrocarbon  from  a suitable  nozzle  connected  sto-  a 
hand*K>perated  Uesel  fuel  pump*  The  spray  ims  directed  hcvizontally 
at  0*5  l*0g.  of  AD  placed  on  a oopper  plate  inclined  at  an  angle  o7 

30^  to  the  horizontal.  Itnnediate  ignition  of  ihe  spriy  wns  obtained 
with  n-hexane  and  n-heptane,  but  in  Ihe  oasa  of  n-nonane  only  lhat  part 
of  the  spray  deflected  by  the  plate  was  igiited  and  thtk  liquid  remaining 
on  the  metal  surface  did  not  bum*.  Tiih  kerosins  only  local  flashes  of 
flame  occurred  at  the  surface  of  the  AC*  Replacement  of , the  .metal  Eheet 
by  a ocpper  gauze  resulted  in  non-ignition  of  the  spray  even  wi^  n*^eptane* 
In  contrast  to  tiioso  results,  sprays  of  isododeoane  and  kerosine.  wwe 
inanediately  ignited  cn  being  dixected  at  a stream  of  ohlorlne  trlfluorida 
gas  issuing  slowly  from  a oopper  tube* 

Compound  BC2  gave  immediate  ignition  of  heocane  and  kerosine  ikim 
sprays  of  Ihese  liquids  were  directed  at  falling  droplets  of  the  incendiazy 
material.  Violent  eocplosive  ignition  was  also  found  by  directing  spxws 
of  n«4iexano,  n-heptane,  kerosine,  iso-dodooane^  aviation  gasoline  (IOO/I3O 
Grade)  and  wide-out  gasolinq  at  falling  droplets  of  bromine  pentafluorlde* 

The  te3ts  with  AC  on  copper  sheet  were  repeated  at  reduioed  atmos- 
pheric pressure,  in  order  to  simulate  altitude  effect,  but  no  ignition 
cculd  be  obtained  with  kcro&ine  (down  to  pressures  oerresponding  to  an 
altitude  of  70,000  ft.)  and  a spray  of  n-hex&ne  failed  to  take  fire  at 
pressures  below  350  mnullg  (20,000  ft.  altitude,  approximately). 

2.3  Reactions  with  liquid  hydrocarbons 

In  a preliminary  test  to  examine  the  reaotivity..of  ohlorlua  trl- 
fluoride  ten/ards  liquid  hydrocarbons,  the  gas  was  directed  vertically 
downwards  from  a jet  placed  close  to  the  surface  of  a sample  of  .white 
spirit.  Iimediate  ignition  of  the  liquid  occurred,  but  prediluticn 
of  the  gas  with  nitrogen  .caused  ignition  delay  until,  when  the  volu- 
metric ratio  of  diluent  to  reactant  was  3:1,  no  ignition  occurred  erven 
after  several  minutes  exposure* 

In  a second  test,  Compound  AC  was  placed  on  a dieet  of  popper 
inclined  to  the  horizontal  and  liquid  hydbrocarbon  was  allowed  to  flow 
down  the  metal  and  make  contact  with  the  AC*  Inmediate  ignition  'kas 
obtained  witli  n-hexane,  n-pentone,  ethanol,  acetone  and  benzene,  but  _ 
n-nonane,  isododeoane  and  kerosine  caused  only  looal  flasher  of  flame 
to  occur  at  the  surface  of  the  incendiary  compound. 

* . • * 

Purser  tests  with  liquid  hydrocarbons  were  made  by  allowing  ihe 
incendiary  compound  to  drxp  slowly  into  1-2  ml.  of  th«^  fuel  contained 
in  a hard  glass  (6**  x 1**)  tube*  In  the  case  of  Compound  AC,  a small 
quantity  of  ^e  solid  material  was  dropped  into  the  liquid  hydroo.arbon*, 

A simplified  summary  of  observations  ma^  under  these  conditions  is 
given  in  Tables  I and  H,  together  with  the  results  of  similar  teats 
made  at  low  toinperaturo  and  of  tests  made  where  the  £p.aas  tube  waa  pr^ 
filled  \Tltii  a carbon  dioxide  atmosphoro. 
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TABLE  I 

Observed  reaotlona  between  inoendiaxy  oompounda 


»nd  liquid  hydrooarbons  at  room  temperature 


Test  fuel 


N*4ieocane 

N«4ieptane 

Iso-*ootane 


Iao«dodeoane 
Kerosine  (Avhar) 
Aviation 

Gaaolino  (100A30) 

TTido-Cut 

Gasoline  (Artag) 

Liq.  Paraffin 

Benzene 

Aoetono 


X denotes  explosion 

P inflammation  of  bulk  liqtiid* -without  explosion 
f local  flashes  of  flamo  at  AC  surface  only 
h hissing  as  indi'/idual  drops  enter 
h X hissing,  follotfcd  latc^  by  explosive  ignition 
h P hissing,  followed  later  by  InflaTmation 

TABLE  II 

Observod  roe ot ions  botwocn  liquid  chlorine  triflunrido 


and  liquid  hydrocarbons  


Test  fuel 


At  room  temperature 


At  -40°C  At  -65°C 


Propane 

N-hexane 

N«heptone 

Iso^ootane 

N-^ionane 

Iso-dodeoane 

ICeroslna  (Avtur) 

Aviation 

Gasoline  (IOO/130)  * 

Wide-Cut 

Gasoline  (Avtag) 

Liq.  Paraffin 

Benzene 

Acetone 
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3 Diaottgslon 

3*1  Gas  phaae  reactions 

Very  high  flame  temperatures  irere  observed  In  gas  phaae  reactions 
wilJi  chlorine  trifluoride*  Contributory  factors  are  the  high  heat  of 
formation  of  hydrogen  fluoride  and  oarben  tetrafluoride,  ttie  probable 
simple  nature  of  the  reaction  products  and  t^e  relatively  low  degree  of 
dissociation,  at  a given  tomperature,  of  a fluorine  compound  compared  ’ 
Tdth  that  of  corresponding  oxygen  compound.  However,  beyond  the 
fact  that  thore  is  a pronoiinoed  tendency  towards  Ihe  formation  of  free 
carbon,  the  detailed  nature  of  tho  reaction  products  remains  for  furttier 
study. 

Compound  AC,  gaseous  ohlor^e  trifluoride  and  bromine  penta* 
fluoride  wore  non-effective  in  causing  ignition -of  gasooua  hydrocarbons 
but  Compound  BC2  and  liquid  ohlorino  trifluoride  readily  ifpiited  propane/ 
air  mixtures  of  composition  extending  ovor  the  whole  range  from  the  weak 
to  tho  rich  limit  of  inflannability*  The  intensity  of  gas  phase  reac- 
tions Tdih  chlorine  trifluorido  is  greatly  reduced  by  dilution  with  inert 
atmos^oro  and  it  is  pxobablo  that  Compound  AC  behaves  initially  as 
diluted  dilorino  trifluorido*  The  heat  of  reaction  is  thoi  froquontly 
insufficient  to  promote  ronowal  of  tiie  aotive  oonstituent  from  within 
^0  bulk  of  tho  ccmplox*  It  is  hoped  to  elucidate  this  further  by 
making  suitablo  tests  with  finely  divided  AC,  such  as  would  be  obtainod 
in  praotioo  by  soattoring  after  strike  of  a hi|h  apaod  projeotile*  Xt 
has  also  been  noted  that  tho  surface  of  Compound  AC  frequently  becomes 
coated  with  tar-like  reaction  products  vdiidi,  no  doubt,  also  tend  to 
reduce  its  effootivoness*  , 

3*  2 Reactions  in  condensed  systems 

A study  of  the  behaviour  of  these  compounds  towards  liquid  hydro- 
carbon sprays  of  fine  droplet  size  is  not  yet  complete*.  Compound  AO 
itself  is  disappointing  as  an  incendiary  agent  under  tiiese  conditions, 
failing,  even  with  n-^extae,  to  cause  ignition  at  atmospheric  pressures 
below  350  inn*Hg*  Later  it  is  hoped  to  establish  whether  the  alterna- 
tive materials  are  more  effective  under  simulated  hi{^  altitude  owdl- 
tions* 

Compound  /C  has  also  been  found  inferior  In  cauoing  ignition  of 
bulk  liquid  hydrocarbons.  Where  localised  flashes  of  flame  were  se« 
to  occur,  these  were  rapidly  quenched  by  the  cooling  effect  of  the 
liquid. 

Compound  AC2  probably  behaves  largely  as  a source  of  undiluted 
chlorine* trifluoride  vapour  and  its  physical  state  permits  oontinued 
release  of  12ae  active  oonstituent*  Althou^  tiot detailed  in  Table  I, 

it  was  noted  lhat  the  violonoe  of  the  explosive  reactions  with  Compound 
AC2  and  liquid  hydrocarbons  deoreaaed*with  doorease  in  moleoular  wei^t 
of  the  latter*  Tho  some  effect  was  obtained  with  bromine  pentafluorida 
Thidi  failed  to  ignite  n-hexane  even  after  admission  of  numerous  drops 
of  tho  material.  In  such  oases  the  heat  of  reaction  is  most  likely 
dissipated  in  causing  formation  of  hydrocarbon  vapour,  .which,  as  has 
already  boon  noted,  it  not  readily  ignited  eoooept  by  liquid  ohlorine 
trifluoride  and  Compound  BC2. 

Liquid  ohlorino  trifluorido  generally  caused  voxy  violent  eocplosive 
ignition  of  all  tho  hydrocarbons  tested  and  the  violenoe  was  in  no  way. 
reduced  by  carrying  out  tho  roaotions  at  temporaturos  as  low  as  -65®C, 
Noithor  was  any  dooroaso  in  vlolmrc  obaoivod  when  tho  hydrocarbon  was 
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outgABsod  and  l>lanketed  ivith  an  atnosphere  of  oaz^on  dioocide«_  Howovori 
In  an  attempt  to  distinguish  ax^  differenoes  in  behaviour  tcmar^  the 
more  volatile  hydrocarbons,  as  opposed  to  a material  suoh  as  kerosinef 
a photographic  record  ttos  mode  of  roaotions  at  room  temperature.  The 
reoord  vas  made  on  16  nnu  film  at  a camera  speed  of  2000  frames  per 
seoond  and  soleoted  prints  from  the  film  are  included  in  this  report. 

?ig*l  illustrates  tiio  progress  and  speed  of  reaction  obtained  with 
n^eoenne  oontainod  in  o 6**  x I**  glass  tube.  Iho  Entering  drop  of  ohlorino 
trifluoride  first  falls  through  the  liquid  hexane  and  initial  reaction  is 
observed  to  be  relatively  slow.  The  roaotion  aone  or  **hot  spot"  round 
drop  increases  progrossivelv  in  size  over  a period  of  time  of  about 
55  miUi«seconds  (Pig.l,  a to  dj.  The  roaotion  then  uooelerates  .violently, 
leadijig  to  a sudden  explosion  (Pig*le)  within  an  ensuing  time  interval  of 
loss  than  0.3  milli^-aeconda.  Tho  li^t  emitted  by  tho  reaction  is  of  a 
relatively  low  intonuity.  Ihe  first  stage  of  tho  reaction  probably  causes 
gonor.ition  and  mass  transfer  of  vapour  avm/  from  hot  spoVand  ^lis  is 
suggested  by  Fig.  Id,  vjhoro  tho  apparent  VvAumo  of  tho  hexane  has  approoi«^ 
ably  increased.  Tlie  reaction  then  appears  to  pass  ever  to  a low  order 
detonation  but  the  speed  of  tho  camera  used  was  too  low  to  enable  an 
estimate  to  be  made  of  ihe  rate  of  progress  of  the  flame  front. 

. 

A repeat  test  made  with  r.  a glass  tube  of  1 In. 

diaraoter  and  length  1^  in.  led  to  almost  identioal  results.  In  a third 
tost,  hoTierver,  and  again  using  a 6"  x 1"  tubo,  the  first  drop  of  chlorine 
trifluoride  foj.lod  to  cause  an  explosion  and  merely  heated  the  hexane, 
giving  a vapour-rich  ataiosphero  in  tho  tubo.  In  this  case  tho  ensuing 
drop  of  chlorine  trifluoride  was  expended  in  reacting  with  the  hoxano  • 
vapour.  Fig.  2a  shows  the  cemmenoement  of  this  intense  but  looal  reaotion 
and  40  milli-seocnds  later  (Pig.  Zb)  reaction  has  spread  as  tiie  drop  con- 
tinues to  fall  and  leaves  a wake  of  soot  partioloa  in  its  path. 

In  the  case  of  kerosine,  a material  cf  low  vapour  pressure  at 
ordinary  temporatures,  the  nature  of  tho  reaotion  is  someihat  different. 

The  ohlorino  trifluoride  droplet  was  observed  to  roaot  innodiatoly  it 
roach od  tho  embrace  of  tho  hydrocarbon  and  Figa.3a  and  b illustrate 
tho  instants  before  and  after  explosion  rospootivcly,  tho  tjme  interval 
botwocn  those  records  being  0.5  milli-sooonda.  Fig.3o  is  a record 
takon  2.5  milli-sccond  lator  to  show  the  growth  of  flamo  and  soot  cloud. 

It  is  also  interesting  to  obsorvo  tho  undisturbed  liquid  (Pig*3b)  close 
to  tho  walls  of  tho  tubo  immodiatoly  aftcir  explosion.  A repeat  test 
confirmed  that  this  typo  of  reaction  was  typical  with  kerosine  and 
that  the  light  emitted  by  the  roaotion  was  more  intense  than  with  hexane. 

It  will  be  noted  that  tho  glass  tube  was  not  shattered  during  Ihe. kerosine 
explosion  and  this  is  tiicught  to  be  due  to  the  cusliionlng  effect  of  liquid 
remote  frem  ihe  point  of  initiation.  It  oould  also  bo  explained  by  tho 
fact  that  little  in  tho  way  of  first  stage  roaotion  occurs,  i.  o.  There 
vapour  formation  is  propondorant,  that  the  reaction  is  therefore  overall 
more  rapid  than  with  hexano  and  that  unroactod  ohlorino  trifluoride  is 
oo«?tcd  from  tho  moulh  of  tho  txibo. 

4 Praotio&l  si/mlficanoe  of  ihe  tests 

The  preliminary  laboratory  tests  described  illustrate  satisfactorily 
the  mai‘kfKl  chemical  reactivity  of  selected  halogen  fluorides  towards  hydro- 
oAi*bon  fuels.  In  pnrtioular,  liquid  chlorine  trifluoride  and  Compound  BC2 
have  been  found  most  effective  in  causing  explosive  ignition  of  hytoooarbon 
vapeur  and  of  a variety  of  hydrocarbon  fuels  both  in  spray  and  bulk  liquid 
form.  Such  results  suggest  that  practical  trials  r/ith  these  two  matfjriala 
v/puld  bo  worthvhilo.  On  tho  other  hand  loss  premising  rosulta  have  been 
ebservod  v#lth  Compound  4^C;  thoso  rosulta  also  r.iggcst  that  its  effective- 
ness would  bo  still  further  roduood  under  conditions  of  flipjxt  at  hi^i 
altitude. 
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